Design Research Society

DRS Digital Library
DRS Biennial Conference Series

DRS2004 - Futureground

Nov 17th, 12:00 AM

User and Usability Requirements in Work Vehicle Cabin Design.
Katarina Patt
Helsinki University of Technology

Follow this and additional works at: https://dl.designresearchsociety.org/drs-conference-papers

Citation
Patt, K. (2004) User and Usability Requirements in Work Vehicle Cabin Design., in Redmond, J., Durling, D.
and de Bono, A (eds.), Futureground - DRS International Conference 2004, 17-21 November, Melbourne,
Australia. https://dl.designresearchsociety.org/drs-conference-papers/drs2004/researchpapers/100

This Research Paper is brought to you for free and open access by the Conference Proceedings at DRS Digital
Library. It has been accepted for inclusion in DRS Biennial Conference Series by an authorized administrator of DRS
Digital Library. For more information, please contact DL@designresearchsociety.org.

User and Usability Requirements in
Work Vehicle Cabin Design.

The objective of this study is to identify user and usability requirements in the
user interface of work vehicle cabin design, especially in drill rigs and harvesters.
User and usability requirements are inevitable in order to design the user interface
of a work vehicle cabin that satisfies the end user so that smooth and efficient
operating is possible.

Katarina Patt
Helsinki University of Technology

The theoretical part of the study takes an approach on user centred design
and development, in which the concept of usability, user requirements, usability
requirements and users of work vehicles are discussed.
The empirical part of the study consists of eight qualitative field studies, in which the
design of the user interface of four drill rigs as well as four harvester cabins were
studied and evaluated. The data was gathered by interviewing and observing the
working process of 15 work vehicle operators. The majority of the interviews were
videotaped during observation. Different evaluation methods were used. The studies
and evaluation of the drill rigs were made in cooperation with the Decode Research
group consisting of four researchers.
The most essential user and usability requirements in drill rig and harvester cabin
design are presented in the latter part of the study. Firstly, they are related to Sven
Dahlman’s three levels for structuring user requirements. These are Working and
Design requirements, Needs and Goals requirements and Secondary Function
requirements. Secondly, on the basis of the study four sublevels of user and usability
requirements in work vehicle cabin design are identified. The identified levels can
be used as a tool within product development.
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User and Usability Requirements in Work Vehicle Cabin
Design
Abstract
The objective of this study is to identify user and usability requirements in the
user interface of work vehicle cabin design, especially in drill rigs and
harvesters. User and usability requirements are inevitable in order to design
the user interface of a work vehicle cabin that satisfies the end user so that
smooth and efficient operating is possible.
The theoretical part of the study takes an approach on user centred design
and development, in which the concept of usability, user requirements,
usability requirements and users of work vehicles are discussed.
The empirical part of the study consists of eight qualitative field studies, in
which the design of the user interface of four drill rigs as well as four harvester
cabins were studied and evaluated. The data was gathered by interviewing
and observing the working process of 15 work vehicle operators. The majority
of the interviews were videotaped during observation. Different evaluation
methods were used. The studies and evaluation of the drill rigs were made in
cooperation with the Decode Research group consisting of four researchers.
The most essential user and usability requirements in drill rig and harvester
cabin design are presented in the latter part of the study. Firstly, they are
related to Sven Dahlman’s three levels for structuring user requirements.
These are Working and Design requirements, Needs and Goals requirements
and Secondary Function requirements. Secondly, on the basis of the study
four sublevels of user and usability requirements in work vehicle cabin design
are identified. The identified levels can be used as a tool within product
development.
Keywords: User Requirement, Usability Requirement, User Interface, Work
Vehicle, Drill Rig, Harvester.
Introduction
Study Background

Work vehicles are considered to be machinery and equipment that are used
within different fields of industry, such as agriculture, woodworking, forestry,
mining, lifting, building, and construction. Traditionally work vehicles have
been designed to fulfil a work task that is physically difficult for humans to
perform, as well as to enable more efficient work.
Work vehicles have been taking a step towards a design-oriented user
interface in product development. The user interface of a work vehicle may be
considered to include the cabin, in which the display, buttons, switches,
controls, joysticks and keyboard are the most essential physical parts. It is
important that product developers are aware of how to design a wellfunctioning user interface from the user’s point of view. Specific user and
usability requirements function as a corner stone for this and need to be
identified.
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Work Vehicles as a Study Object

The size of the work vehicles in the studies varies from approximately 13-41.5
tons. Drill rig and harvester cabins are rather similar in terms of size as well as
the aesthetical and functional aspects.
The work environments of drill rigs and harvesters nevertheless differ. The
drill rigs observed in the study operated at a mining or construction ground
which was rough and dirty. Depending on the drill rig (surface or
underground), it stayed more or less at one spot during the shift, whereas the
boom was the moving part and conducted the drilling of the holes.
The working environment of harvesters was somewhat more dynamic than
the one of drill rigs. The harvester moved itself through the felling area in the
forest by driving a certain distance, then stopping. When the harvester
stopped, the felling of the trees was carried out by moving the boom towards
the trunk of the tree and thereafter cutting it down.
In both work vehicles the role of the operator is very essential since he/she is
the one who is responsible for operating the machine efficiently. It is very
important that the operator knows and understands the user interface of the
cabin so that severe errors that result in an economical loss, time loss and
frustration do not occur. In the worst case the whole construction ground has
to be paused if the work vehicle cannot perform its task. A design-oriented
user interface plays an essential role in the operating task.
Conceptual and Technological Background
User Centred Design & Development

According to Faulkner (2000), the term usability is born out of the desire to
make things easier and more efficient for the user. According to Wiklund
(1994), usability implies on people’s interactions with technology and to
produce products that are more user friendly. According to Nielsen (1993)
usability is fulfilled when a system is easy to learn, efficient to use, easy to
remember, minimizes errors, and is subjectively pleasing. Usability can be
said to support the perception of user centred design. User centred design
attempts to demonstrate that the finished product is actually what the
customer wants and needs and has been engineered following a detailed and
principled method of software engineering (Faulkner (2000)).
Figure 1 gives an understanding of the user interface in a drill rig and
harvester cabin. The ISO 9241 standard for Visual Display Terminals for
Office Work has been used as support in creating the illustration. In the two
work vehicle cabins that were analysed in the study there is a display through
which the operator interacts as well as input devices being the buttons,
switches, controls, joysticks, keyboard etc. The cabin of drill rigs and
harvesters can be considered to be the workstation. Usability covers
everything that happens in the workstation. The work environment is
everything that is observed around the worker - working condition,
illumination, temperature, workstation layout, and furnishing.
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Figure 1 The user interface in a work vehicle cabin

User and Usability Requirements

In order to be able to meet user and usability requirements in user interfaces
of work vehicle cabins the concept of usability has to be considered. Usability
is strongly related to user and usability requirements. Dahlman (1986) defines
user requirements as requirements posed by the user, on using a product and
by expressing those problems, which occur in the usage situation. This
definition is somewhat misleading. Users are more frequently capable of
identifying things that are wrong in a product and forgetting what is
functioning, since it is something that is self-evident. There should be
emphasis on positive factors in a product as well so that they are not forgotten
but maintained. The positive factors detected while using a product should be
considered to be a part of the user requirements definition.
In a doctoral thesis consisting of five studies made by Sven Dahlman (1986) a
grouping for user requirements was made in one of the studies.
•
•
•

Needs & Goals Requirements. These are requirements derived from
the description of needs and goals e.g. regarding functions that are
completely missing in existing equipment.
Working & Design Requirements. These requirements are derived from
the use of existing equipment e.g. regarding the way of working
(activities) and design (properties).
Secondary Function Requirements. These are requirements of
secondary functions such as cleaning, transport or storage.

The fact that requirements can be grouped on three levels is relevant to take
into consideration when discussing user and usability requirements in work
vehicle cabin design.
Usability requirements exist at all levels, from abstract to detailed
requirements and from guidelines to technical requirements (Fransson et al.
(2003)). User and usability requirements overlap. They are both necessary to
identify in order for something to become usable. A user requirement should
contribute to a system to become more usable and therefore the usability
requirement criterion is attained.
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Users of Work Vehicles

A work vehicle has different kinds of users. The buyer of a work vehicle might
be a different person from the one who will actually use it. Faulkner (2000)
presents that users can be divided into four classes and three types of users.
The four classes are direct users (e.g. operators), indirect users (e.g. product
development personnel), remote users (e.g. sales department personnel) and
support users (e.g. maintenance and service personnel). The three types of
users are novice, intermediate or expert.
The operators of drill rigs can be classified as direct users. The operators of
harvesters on the other hand can be classified both as direct and support
users at the same time, while the operator of a harvester takes care of both
service and maintenance in the harvester that they are using. Depending on
the operator’s educational background and experience of use the work vehicle
operators become a certain type (novice, intermediate or expert).
User classes and types are essential to consider within product development
so that a user interface can be designed to suit as many different classes and
types of users as possible.
Empirical Field Studies
Study Approach

The empirical studies concerning the drill rigs were conducted with the
Tamrock surface drill rigs (Pantera 1500) and the underground drill rigs
(Axera T12). The harvesters that were observed were two from Ponsse
(Beaver and Ergo), one from Timberjack (1070D), and one from Valmet
(Combi 801). All of the empirical studies were made during 2003.
Methods Applied in the Studies

The following methods were used in the studies.
•

•

•

Acquaintance with the working process and the machine – In the
studies concerning the drill rigs, the researchers first familiarized
themselves with operator’s manuals for the different drill rigs. An
introduction to the drilling process and especially information on the
Tamrock drill rigs was given. The acquaintance in the harvesting process
consisted of discussion with people in the woodworking business as well
as a short literature study on harvesting.
Interviews & observation on the field – In total eleven interviews with
drill rig operators were made. Three of the interviews to expert users of the
surface drill rigs were observed and videotaped. Four expert users of the
surface drill rigs were just interviewed. Four expert users of the
underground drill rigs were interviewed and observed during videotaping.
Four expert users of harvesters were interviewed and videotaped during
observation.
A basic set of questions provided a baseline for the videotaped interviews.
The questions that were posed were related to the user interface in
general and its design. As well questions related to problems and error
situations, product development as well as technology were also posed.
Participatory evaluation – Two researchers from the Decode research
group got a practical introduction in drilling with the Pantera 1500 drill rig,
4

•

•

which was videotaped. This was fulfilled with the help of guidance from the
direct expert users.
A practical introduction was also given in the harvesting process by
performing simple operations for cutting down a tree with the Ergo Ponsse
harvester.
Cognitive approach – This method was used by evaluating parts of the
user interfaces of the work vehicle cabin design. The evaluation was
based on transcription of the videotapes and thereafter the working
processes were analysed through the observed working process steps.
The most essential part of the evaluation process was to be able to
understand the cabin design of the user interface. This consisted of
striving towards understanding the use of the various switches, controls,
function buttons as well as the hierarchy of the menu structure in the
display. The user manuals of the Tamrock drill rigs as well as of Ponsse
harvesters were used as support in the evaluation process.
Heuristic evaluation – Nielsen’s heuristics were used as support during
the evaluation of the user interfaces of drill rigs and harvesters.

Analysis and Results of User and Usability Requirements
The analysis and results of the data on user and usability requirements in
work vehicle cabin design is based on the empirical studies. The empirical
data gathered from the interviews proved to give the most valuable results in
relation to requirements.
Firstly, the results are related to the requirements that Dahlman has defined.
Most of the requirements concern the level of Working and Design
requirements. These are especially important to maintain so that the use of
the work vehicle in question can proceed smoothly. The level of Needs and
Goals requirements are ones that are important to keep in mind when
considering product development since they are in a way a new idea
concerning the design of the user interfaces. These two levels can be
considered successful if they contribute in a user interface that is learnable,
efficient, memorable, minimizes errors and satisfies the user. The level of
Secondary Function requirements did not give as good results as the other
two levels since these are mostly linked to standards and regulations as well
as service and maintenance which were out of the limitation of the study.
Secondly, on the basis of the study the user and usability requirements that
were identified relate to one of the four levels listed below.
•

•

Placement and grouping of physical functions. The physical functions
are considered to be e.g. controls, switches, keys, buttons, joysticks,
keyboard, and mouse in the user interface of the cabin. User and
usability requirements play an essential role in this level. Depending on
where and how the physical functions are placed there is an affect on
usability of the work vehicle. The user interface should be designed so
that physical functions are placed and grouped so that ones that are
often used together or in sequence should be situated close to each
other.
Menu structure and hierarchy of display. The design of the menu
structure and hierarchy of the information that is presented in the
5

•
•

display needs to be clear. As a result the work vehicle becomes more
efficient to use.
Features in the display. Colours and special features in the display
make the working process more comfortable, e.g. colours can be used
to guide and emphasize special features.
Additional comfort features. Comfort features that are related to design
and ergonomics should be clearly evaluated so that a comfortable
cabin and working position may be achieved to enable efficient work.

The user and usability requirements identified for each level tend to be
machine-specific, therefore they should be individually evaluated in each
case. The four levels mentioned above can be considered to exist at a lower
level than Dahlman’s user requirement levels. As a consequence, the four
levels can be placed under each of the three levels of Dahlman’s requirement
levels so that sublevels are created. By using the different levels for
structuring requirements, data can be effectively grouped and found when
needed within product development.
To conclude four factors are presented that should be considered when
developing design-oriented user interfaces in work vehicle cabins.
1. Identify and understand the user of the work vehicle in question.
2. Understand the concept of user centred design and development.
3. Evaluate the design of the user interface by using suitable usability
evaluation methods.
4. Follow recent related studies on user interface design.
Discussion
This study has increased the understanding concerning user and usability
requirements in work vehicle cabin design.
In the beginning a user is novice. In terms of productivity there should be as
few novice users as possible. The most ideal situation would be that a user,
independent of the type (novice, intermediate, expert) could be able to use the
same work vehicle, already from the beginning. The question on how to
design a work vehicle cabin that fulfils both the experienced and the novice
user needs is a great challenge. If for instance, a work vehicle suiting different
types of users is designed, it will be possible to recruit more novice users. As
a result employment costs can be reduced at the same time as work capacity
can be increased. This also results in a possibility to enter new potential
markets that have not been reached before.
Since only specific drill rigs and harvesters were observed in the studies, the
data that has been collected is machine-specific and therefore limited. The
data is most useful to have at hand within product development of the specific
work vehicles.
An ideal situation would be if stakeholders within product development of drill
rigs and harvesters were to work in collaboration and create standardized
components for specific work vehicles. As a consequence manufacturing
costs would be cut down. The emphasis on a design-oriented user interface
that is learnable, efficient, memorable, minimizes errors and creates user
satisfaction also decreases costs in the long run.
6

Drill rigs and harvesters are very much alike in terms of the cabin user
interface. They are not competing within the same industry. Therefore they
could collaborate and learn from each other in terms of product development.
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